Abstract. SDC20-Al 2 O 3 materials were synthesized through the sol-gel method. Dense SDC20-Al 2 O 3 ceramics were obtained through sintering the pellets at 1300 o C. SDC20-Al 2 O 3 materials were characterized by XRD, SEM and impedance spectroscopy. XRD measurements indicate that synthesized materials crystallized in cubic structure. Average crystallite size of the samples was in the range 11-12 nm. The relative density of SDC20-Al 2 O 3 samples was over 95% of the theoretical density. Addition of Al 2 O 3 promotes densification. Surface morphology was analyzed using SEM. The two-probe a.c. impedance spectroscopy was used to study the total ionic conductivity of doped and co-doped ceria in the temperature range 350-700 o C. The SDC20-Al 2 O 3 composition showed improved total ionic conductivity and minimum activation energy.
INTRODUCTION
Solid oxide fuel cells are the energy converters; they convert chemical energy to electrical energy [1, 2] . Recently Solid oxide fuel cells (SOFC) have been attracting more attention due to high efficiency and clean energy conversion. Yttria-stabilized zirconia (YSZ) is a standard electrolyte for solid oxide fuel cell applications. High operating temperatures (1,000°C) are required to increase the ionic conductivity of YSZ [2, 3] .
EXPERIMENTAL
The samples Ce 0.8 Sm 0.2 O 2 (SDC20)+Al 2 O 3 (2 wt%) were synthesized by sol-gel method [2] . High purity cerium nitrate (Ce(NO 3 ) 3 6H 2 O), samarium nitrate (Sm(NO 3 ) 3 6H 2 O) and aluminum oxide were used as starting materials.
Synthesized powders were pressed into a circular pellet using a stainless steel die of dimensions 10×2 mm and then pellets were sintered in air at 1300 o C for 8 h with a programmed heating rate of 5 o C/min. The densities of sintered samples were measured in water by the Archimedes method. The sintered samples have more than 95% of the theoretical density.
XRD patterns were obtained using PANalytical X'Pert Pro X-ray diffractometer (XRD) with Cu KĮ was used to analyze the impedance data and to calculate the grain, grain boundary and the total ionic conductivity of the samples. Silver paste was coated to each side of the sample, which was subsequently dried to produce solid silver electrode on both sides of the pellet. Fig. 1 shows the XRD patterns of SDC20, SDC20 + Al 2 O 3 samples. It is noticed that the powders contain only cubic ( where Ȝ is the wavelength of the radiation, ș is the diffraction angle and ȕ is the full wave half width maxima Impedance spectroscopy is a powerful tool to study the electrical properties of solid electrolytes. Fig. 2 shows Nyquist plots of SDC20+Al 2 O 3 ceramic sample. It is noticed that two depressed semi-circles are clearly seen. High frequency depressed arc corresponds to grain resistance (R b ), intermediate frequency semicircle corresponds to grain boundary resistance (R gb ). Grain and grain boundary resistance arcs are wellresolved upto 450 o C. In this case equivalent circuit (R-CPE) b (R-CPE) gb was used to fit the impedance data to calculate grain (R b ) and grain-boundary resistance(R gb ). After 450 o C bulk arc is not well resolved due to decrease in relaxation time and it shifts towards the higher frequency region exceeding the equipment limit (higher frequencies are required to observe the bulk contribution arc). In this case (R) b (R-CPE) gb equivalent circuit was used to fit the data [2] . Inset figure shows the SEM image and it can be seen that the surface shows good densification. These results are consistent with relative density.
RESULTS AND DISCUSSION
The total resistance was calculated from Nyquist plot (Eq.2). The total ionic conductivity (ı) was then calculated (Eq.3) from total resistance taking into account the thickness l and cross sectional area A using the following equations,
The activation energy for conduction was obtained by plotting the total ionic conductivity data in the Arrhenius relation for thermally activated conduction. It was calculated using Eq. (4) exp( )
where E a is the activation energy for conduction, T is the absolute temperature, k is the Boltzmann's constant and ı o is a pre-exponential factor. From Table  2 it is noticed that the SDC 20 + Al 2 O 3 sample shows improved ionic conductivity and minimum activation energy than SDC20 
